Summary: We examined the immunohistochemical localization of protein kinase C (PKC) in chick embryonic and chick duodenal villi contained in cultured duodena using monoclonal antibodies that recognize types I, 2 and 3 at the light and electron microscopic levels. In the light microscopic studies, staining with the type 2 and 3 PKC antibodies revealed immunoreactivities in the absorptive epithelial cells of the villi that approximated the time course after hatching, but was weak and partial just before the time of hatching. The epithelial cells of crypts seemed to lose their stain at all times. In the transmission electron microscopic studies, positive immunoreaction was found predominantly in the endoplasmic reticulum and nucleus, and also in the terminal web in the absorptive epithelial cells of villi.
Protein kinase C (PKC) is a calcium-dependent, phospholipid-activated protein kinase first described by Inoue et al.9 ). The enzyme is widely distributed in various tissues and organs, with the highest level found in brain. Among the physiological functions of PKC, the regulation of many cellular processes, including secretion, neurotransmitter release, differentiation, growth and gene activation, are widely accepted2° -22) . Cloning studies have demonstrated that PKC is a family of consisting of at least 7 subspecies (a, 131, 132, y, 6, E and Among them, a, 13 and y gene products have been purified from a variety of different cells and tissues, and are referred to as types 3, 2 and 1 PKC, respectively5-7 '22) .
Immunocytochemical and biochemical studies have revealed differential localizations of some of these PKC enzymes in the mammalian brain mainly and in some other tissues, suggesting that each enzyme has a specialized function in different cell types 7 '22) . However, neither immunohistochemical nor biochemical studies seem to have been done in the small intestine.
Noda and Mitsui have examined the localizations of cytoskeletal proteins such as actin and vinculin during the development of chick duodenum, and suggested a relation between these cytoskeletal proteins and the morphogenesis of the duodenum. However, the detailed mechanism is not clear23). Recent studies8,10,11,27.28) have indicated that vinculin can be a substrate of protein kinase or tyrosine kinase that has a major impact on the growth and differentiation of cells. We were interested to investigate whether actin or vinculin is a substrate of PKC in the duodenum to clarify the function of PKC and actin and vinculin.
In this study, as a first step, we examined the immunohistochemical localization of PKC in chick duodenal villi contained in cultured duodena using monoclonal antibodies that recognize types 1 , 2 and 3 at the light and electron microscopic levels. We discuss the function of PKC enzyme in the duodenal villi.
Materials and Methods
Materials and organ culture: The duodena of 19 and 20-day-old embryo and chick duodena just after hatching and later, were used. The duodena of 8-day-old hatched chicks were used for the organ culture study. The excised duodena were quickly placed in warm Eagle's minimal essential medium (MEM) and cut into fragments of 3-5 mm in length. Half of these fragments retained their ring-like shape, and the others were slit open lengthwise (sheet-like shape) with a sharp stainless-steel pincette. Tissues were cultured in MEM for 20 min in 51 mm culture dishes in an atmosphere of 5% CO, in air.
Antibodies and other chemicals: Mouse monoclonal antibodies to types 1, 2 and 3 PKC enzymes from rabbit brain (PKC 1, 2, 3 staining kit) were obtained from Seikagaku Kogyo Industries, Japan. The 15 nm of gold labelled goat anti-mouse IgG (Fc) (Auroprobe EM) was obtained from Amersham International plc.
Western immunoblotting: Duodenal epithelium from 10-day-old chicks was isolated over ice and homogenized in a Teflon-glass homogenizer with 10 volumes of the homogenized buffer, then the crude soluble extract was obtained according to a modification of the method of Kosaka et al.13) . Isolated crude extracts were incubated in the sample buffer and subjected to 5-20% sodium dodecyl sulfate polyacrylamide gel electrophoresis by the method of Laemmli'5 in the presence of 2% 13-mercaptoethanol. The protein bands separated by electrophoresis were transferred to a Clearblot-P membrane (ATTO), which was then processed for a mixture of type 2 and 3 PKC antibodies staining by the ABC method23) (Fig. 1) .
Light microscopic immunohistochemistry: All preparations were fixed in 4% paraformaldehyde solution, pH 7.2, for 1-2 hr at 4°C, dehydrated in a graded series of ethanols, cleared with xylene and embedded in paraffin. Sections (41,tm) on glass slide were deparaffinized in xylene, and rehydrated by passage through a graded series of ethanols. During this process, the sections were transferred to absolute methanol containing 2% hydrogen peroxide, to remove traces of paraffin. Sections were indirectly immunostained by the PKC 1, 2, 3 staining kit method and then incubated in the medium for peroxidase which contained 0.05% 3,3-diaminobendizine tetrachloride and 0.01% H2O2 in Tris-HCI, pH 7.6. Counterstaining with methyl green to study the reactivity of the nucleus was not done.
Control sections treated with normal serum instead of the primary antibody in the kit and having no reactivity to type 1 PKC antibody, showed that the staining was specific for the appropriate antigen (Fig. 2) .
Electron microscopic immunocytochemistry: Preembedding [1] and post-embedding [2] were performed in this study.
[ 
Results
Western immunoblotting. Figure 1 shows a western immunoblot analysis of type 2 and 3 PKC enzymes from an extract of duodenal epithelial cells of 10-day-old chicks. Two major immunoreactive bands migrated about 80-KD. And the appearance of these two bands is presumably the result of reaction with a mixture containing type 3 PKC antibody, together with study on the enzymological characteristics of type 3 PKC by Kosaka et al."). Some faint bands visible in this figure seemed to he proteolytic products during the extraction procedures24).
Light microscopic immunohistochemistry: Type 2 and 3 PKC enzymes in the absorptive epithelial cells of the villi approximated the time course after hatching (Figs. 4-8 ), but were weak and partial just before hatching (Fig. 3) . The epithelial cells of crypts seemed to lose their stain before and after the time of hatching (Fig. 6) . In this study reactivity to type 2 PKC antibody was about three times more intense than that to type 3 PKC antibody, and reactivity to type 1 PKC antibody was not found (Fig. 2) . After the time of hatching, the positive portions of type 2 and 3 PKC were similar to each other, and were observed clearly in the cytoplasm and nucleus of the absorptive epithelial cells in the upper region of the villi (Figs. 4-8) . The apical region or basal side of the absorptive epithelial cells sometimes stained as a line.
In the cultured duodenal fragments, changes in the distribution of types 2 and 3 enzymes were evident on the sheet-like duodenal fragments, and immunoreaction was mainly observed at the basal side of the absorptive epithelial cells (Fig. 10) . In contrast, this change in staining was not revealed on the ring-like duodenal fragments (Fig. 9) .
The lamina propria mucosae in Figs. 3 and 10 shows a weak reaction, and some blood cells in it were also stained. However, these details were unclear in this study.
Electron microscopic immunocytochemistry: Positive immunoreaction seemed to be found in the endoplasmic reticulum, nuclear membrane and condensed chromatin (Figs. 11-16 ), and sometimes in the terminal web near or adjacent to cell junctions. Unidentified parts in the cytoplasm of cells seemed to react. PKC near the basal side of cells seemed to come from the absorptive epithelial cells, as shown in Fig. 13 , but this was not clear. It is necessary to study the relation between the PKC of the basal side and the lamina propria mucosae. Further detailed electron immunocytochemical studies, are being carried out.
Discussion
In this work we found that type 2 and 3 PKC enzymes existed in the chick duodenum. These two proteins seemed to be functionally related not with the proliferation but with the differentiation of absorptive cells, because they appeared after the time of hatching and were not localized in the cells of the crypt but in the absorptive epithelial cells of the villi. However, the functional difference between the two PKC enzymes was unclear except for the extent of immunoreactivity.
In the transmission electron microscopic studies, PKC in the terminal web or near the cell junctions seemed to be related to cytoskeletal proteins such as actin and vinculin8, 10, 11, 23, 27, 28) . The change in the distribution of PKC found in the basal side of cultured duodenal absorptive epithelial cells (Fig. 10) seemed to affect neighboring cellular interactions. We found the same change in the distribution of cytoskeletal proteins in our previous organ culture study (unpublished data) . PKC and cytoskeletal proteins seemed to be related with each other, but the details of the relationship were not clear in this study. (7, 8) , the cultured ring-like duodenal villi (9) and cultured sheet-like duodenal villi (10) .
Transverse sections of the duodena of 1-day-(7) and 8-day-(8, 9, 10) old hatched chicks. La, lamina propria mucosae; Lu, lumen. Positive gold particles were evident in the terminal web near or adjacent to the cell junctions. x26,000 Lu, lumen; Mv, microvilli; Tw, terminal web; Aj, adherent junction.
